Introduction {#S0001}
============

Hypertension (HTN) is a widely prevalent disease that affects approximately 40% of the worldwide population. It is an established risk factor for cardiovascular disease and is responsible for 50% of 17 million annual cardiovascular deaths.[@CIT0001] HTN is also frequently prevalent together with other comorbidities such as diabetes mellitus, dyslipidemia and chronic kidney disease, which further increases cardiovascular risk. In recent years, updated guidelines have lowered the threshold of high blood pressure, with a goal to prevent adverse outcomes by early detection and intervention.[@CIT0002]

Treatment of HTN is based on antihypertensive medications, achieved by using a combination of four classes of drugs: diuretics, beta-blockers, calcium-channel blockers and renin-angiotensin system (RAS) inhibitors.[@CIT0003] Among these drugs, RAS inhibitors seem to be the favorite, constituting around 50% of all medications used to treat HTN.[@CIT0004],[@CIT0005]

Fimasartan (Boryung Pharmaceutical Co., Ltd., Kanarb^®^, Seoul, Korea) is a non-protein angiotensin receptor blocker (ARB) that selectively blocks angiotensin type 1 receptors.[@CIT0006] It is the ninth and most recent ARB approved for use in HTN by the Korea Food and Drug Administration, and is also available for worldwide use.[@CIT0007] Fimasartan has been shown to have non-inferior, or even superior blood pressure-lowering capabilities compared with losartan,[@CIT0008],[@CIT0009] and has also proven its safety in previous trials.[@CIT0010],[@CIT0011] Unlike other ARBs, fimasartan is predominantly excreted through the hepatobiliary system, with less than 3% of the administered dose detected in the urine.[@CIT0012] Due to this characteristic, fimasartan has not been recommended for use in patients with moderate to severe liver dysfunction. Furthermore, clinicians have also expressed concerns that long-term use of fimasartan may be associated with increased risk of liver injury, especially in patients with underlying liver disease.[@CIT0013] However, previous studies have only been performed for limited periods, and most studies excluded patients with chronic liver disease.

The current study aims to assess the long-term, hepatic safety of fimasartan use in real-world, hypertensive patients. Unlike other previous studies on fimasartan, patients with chronic liver disease were included and events were monitored for up to 1 year.

Materials and Methods {#S0002}
=====================

Study Design {#S0002-S2001}
------------

This study is a multi-center, prospective, observational study performed from May 2013 to December 2015. Patients diagnosed with essential HTN were screened in three medical centers in Korea (Seoul National University Hospital, Seoul, Korea; Seoul Metropolitan Government Boramae Hospital, Seoul, Korea; Seoul National University Bundang Hospital, Seongnam, Korea). Patients receiving ≥1 dose of fimasartan were enrolled in the study and followed-up for 12 months at 3-month intervals. Self-reported and physician-reported events were recorded and classified according to organ class and severity. The study was conducted in accordance with the declaration of Helsinki, and written informed consent was obtained before enrollment. Study protocols were approved by the institutional review board of each participating hospital (H-1303-050-472) and registered with ClinicalTrials.gov (NCT02385721).

Fimasartan was prescribed at a dose of 30 to 60 mg once daily, with titration up to 120 mg possible at the decision of the treating physician. Patients with creatinine clearance \<30 mL/min/1.73m2 were initially prescribed 30 mg once daily, with increases up to 60 mg once daily. Patients were defined to have chronic liver disease if they had a history of liver cirrhosis or hepatocellular carcinoma (HCC), were carriers of chronic hepatitis B or C viruses. Incidence of adverse events (AE) was compared according to the presence and type of underlying liver disease (cirrhosis, HCC). The design of the study is described in [Figure 1](#F0001){ref-type="fig"}.Figure 1Study design.

Inclusion and Exclusion Criteria {#S0002-S2002}
--------------------------------

Patients aged ≥20 years and who were newly prescribed with fimasartan within 1 month for the treatment of essential HTN were eligible for the study. Essential HTN was defined as systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg.[@CIT0014],[@CIT0015] Blood pressure was measured in the sitting position, after 5 mins of rest, using a semi-automated sphygmomanometer. The average value of multiple measurements was used. Subjects with a previous history of HTN, or those on anti-hypertensive medications were also defined as hypertensive. Patients were excluded from the study for the following reasons; hypersensitivity to the study drug; pregnancy; dialysis; galactose intolerance; or at the decision of the study investigator.

Variable Definition {#S0002-S2003}
-------------------

The primary safety outcome was the incidence rate of AE during the 12-month study period. Data from each visit were analyzed according to the Common Toxicity Criteria for Adverse Events (CTCAE), v4.03, and severity of patient-reported symptoms were reported according to the Spilker classification. The severity and outcome of AE, and its association with the study drug were also assessed. Events were defined as adverse drug reactions (ADR) if there was a "certain," "probable," "possible," "conditional," or "not classifiable" association with the study drug. All AE and ADR were recorded and coded using Medical Dictionary for Regulatory Activities (MedDRA) version 19.0 and classified according to system organ class (SOC) and preferred terms (PT). Abnormalities in liver function enzymes, specifically aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), and total bilirubin, were recorded at each visit to assess for drug-induced liver injury.[@CIT0016] Treatment persistence and changes in blood pressure were also recorded for analysis. Criteria fulfilling the Hy's law were investigated to assess whether the patients were at high risk of fatal drug-induced liver injury.[@CIT0017]

Tests for liver function enzymes were performed at each follow-up visit to assess liver injury after the use of the study drug. Abnormal test results were categorized as follows: (1) acute hepatocellular liver injury defined by alanine transaminase (ALT) \>2 x upper limit of normal (ULN) or ALT/alkaline phosphatase (AP) ratio≥5, (2) acute cholestatic injury defined as AP \>2 x ULN or ALT/AP ≤2, and (3) mixed hepatic injury with intermediate clinical and biological characteristics between hepatocellular and cholestatic patterns.

Statistics {#S0002-S2004}
----------

The total sample size was calculated using the "Rule of three,"[@CIT0018] a frequently used method for assessment of a specific adverse event. A study population of 600 patients had the power to evaluate an adverse event with an incidence of 0.5%, at a level of significance of 95%.

Continuous variables are described as mean ± standard deviation or median and interquartile range, and categorical variables as numbers and percentages. The chi-square test or Fisher's exact test is used for comparison of categorical variables, and the independent *t*-test or the Wilcoxon's rank-sum test is used for continuous variables. All analyses are two-sided, and p-values \<0.05 are considered statistically significant. Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, North Carolina).

Results {#S0003}
=======

Study Population {#S0003-S2001}
----------------

A total of 601 patients were screened for study enrollment at three participating centers in Korea. After excluding patients who failed to meet predefined criteria, 566 patients were categorized into two groups according to the presence of underlying liver disease. Among 446 patients without prior liver disease, 278 (62.3%) completed the 12-month study, and 168 (37.7%) discontinued prematurely. The main reasons for discontinuation were withdrawal of consent (70, 15.7%), loss to follow-up (38, 8.5%) and AE (36, 8.1%). For 120 patients with chronic liver disease, 74 (61.7%) completed the 12-month study, with reasons for discontinuation being withdrawal of consent, AE, and loss-to follow up in 20 (16.7%), 15 (12.5%) and 7 (5.8%) patients, respectively. In the total study population, mean age was 59.8 ± 11.8 years, and 56.5% were male with a median 3.0 year \[IQR 0--10.0 years\] duration of HTN. Co-morbid conditions such as diabetes mellitus (DM), dyslipidemia and chronic kidney disease were prevalent in 18.9%, 10.4% and 9.2% of the patients. Frequent co-administered drugs were lipid-modifying agents (223, 39.4%), calcium-channel blockers (186, 32.9%) and antithrombotic agents (179, 31.6%). Baseline demographics and clinical details of the study groups are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Patient Characteristics According to Baseline Liver FunctionTotal (n=566)Normal Liver Function (n=446)Chronic Liver Disease (n=120)p-valueAge (years)59.8 ± 11.859.9 ± 12.459.3 ± 8.90.308Sex (male), n (%)320 (56.5)233 (52.2)87 (72.5)\<0.001BMI (kg/m^2^)25.4 ± 3.325.4 ± 3.425.1 ± 2.90.480Duration of HTN (yr, \[IQR\])3.0 \[0, 10.0\]4.0 \[0.1, 10.1\]1.0 \[0, 8.0\]\<0.001DM107 (18.9)85 (19.1)22 (18.3)0.857Dyslipidemia59 (10.4)58 (13.0)1 (0.8)\<0.001Chronic Kidney disease52 (9.2)49 (11.0)3 (2.5)0.004Medications - Lipid modifying agents223 (39.4)204 (45.7)19 (15.8)\<0.001 - Calcium channel blockers186 (32.9)163 (36.6)23 (19.2)\<0.001 - Antithrombotic agents179 (31.6)166 (37.2)13 (10.8)\<0.001Laboratory tests - AST (IU/L)24.9 ± 9.024.1 ± 8.228.3 ± 11.2\<0.001 - ALT (IU/L)25.3 ± 12.925.0 ± 12.926.9 ± 13.10.184 - ALP (IU/L)71.2 ± 23.171.0 ± 23.372.1 ± 22.60.662 - Total bilirubin (mg/dL)0.9 ± 0.40.8 ± 0.41.0 ± 0.30.001HBsAg (+), n (%)76 (13.4)--76 (63.3)HCV RNA (+), n (%)13 (2.3)--13 (10.8)Liver Cirrhosis51 (9.0)51 (42.5)Hepatocellular carcinoma21 (3.7)21 (17.5)[^1]

Adverse Events/Adverse Drug Reactions {#S0003-S2002}
-------------------------------------

Overall, 347 AE in 179 patients (31.6%) were reported during the study period. The severity was mostly mild (270/347, 77.8%) to moderate (66/347, 19.0%) in degree. Dizziness (25/566, 4.4%) and headaches (16/566, 2.8%) were frequently reported events. At the end of the study, 295 (85.0%) events had fully recovered or were in recovery, while 42 (12.1%) events were considered to be persistent.

Most events were determined to have no association with fimasartan treatment (278/347, 80.1%). Although there was a statistically higher proportion of patients experiencing AE in the group with chronic liver disease (42.5% vs 28.7%), there was no significant difference in severity (p=0.158). In the whole study population, there were 39 serious adverse events (SAE) reported in 33 patients (5.8%), but none were determined to be associated with fimasartan. Finally, there were no deaths or serious adverse drug reactions (SADR) reported during the study period.

Among 347 reported AE, 69 cases in 57 patients (10.1%) were considered to have a relationship with the study drug and defined as ADR. The events were all mild to moderate in severity, with no severe cases. Patients without prior liver disease showed a significantly higher recovery rate and lower discontinuation rate compared with those with underlying liver disease. Frequently occurring (≥1%) AE and ADR are summarized by SOC and presented in [Table 2](#T0002){ref-type="table"}.Table 2Frequency of Adverse Events and Adverse Drug ReactionsAdverse EventsAdverse Drug ReactionsTotal (n=566)Normal Liver Function (n=446)Chronic Liver Disease (n=120)p-valueTotal (n=566)Normal Liver Function (n=446)Chronic Liver Disease (n=120)p-valueNumber of patients (n, %)179 (31.6)128 (28.7)51 (42.5)0.00457 (10.1)34 (7.6)23 (19.2)\<0.001Number of events (cases)347247100694128Serious events (cases, %)39 (11.2)25 (10.1)14 (14.0)0 (0.0)0 (0.0)0 (0.0)Severity (cases, %) - Mild270 (77.8)194 (78.5)76 (76.0)0.15858 (84.1)34 (82.9)24 (85.7)0.756 - Moderate66 (19.0)48 (19.4)18 (18.0)11 (15.9)7 (17.1)4 (14.3) - Severe11 (3.2)5 (2.0)6 (6.0)0 (0.0)0 (0.0)0 (0.0)Outcome (cases, %) - Recovery295 (85.0)217 (87.9)78 (78.0)0.00353 (76.8)34 (82.9)19 (67.9)0.031 - Persistent42 (12.1)21 (8.5)21 (21.0)13 (18.8)4 (9.8)9 (32.1) - Unknown10 (2.9)9 (3.6)1 (1.0)3 (4.3)3 (7.3)0 (0.0)Study drug discontinuation63 (11.1)44 (9.9)19 (15.8)0.06543 (7.6)25 (5.6)18 (15.0)0.001Classification (patients, %) - Nervous system disorders50 (8.8)40 (9.0)10 (8.3)24 (4.2)16 (3.6)8 (6.7) - Laboratory abnormalities34 (6.0)27 (6.1)7 (5.8)14 (2.5)11 (2.5)3 (2.5) - Gastrointestinal disorders30 (5.3)20 (4.5)10 (8.3)4 (0.7)2 (0.5)2 (1.7) - Infections27 (4.8)18 (4.0)9 (7.5)0 (0.0)0 (0.0)0 (0.0) - General disorders20 (3.5)13 (2.9)7 (5.8)5 (0.8)2 (0.5)3 (2.5) - Skin disorders18 (3.2)12 (2.7)6 (5.0)6 (1.1)2 (0.5)4 (3.3) - Vascular disorders15 (2.7)10 (2.2)5 (4.2)10 (1.8)5 (1.1)5 (4.2) - Musculoskeletal disorders14 (2.5)11 (2.5)3 (2.5)0 (0.0)0 (0.0)0 (0.0) - Respiratory disorders13 (2.3)10 (2.2)3 (2.5)0 (0.0)0 (0.0)0 (0.0) - Injury14 (2.5)11 (2.5)3 (2.5)0 (0.0)0 (0.0)0 (0.0) - Neoplasms13 (2.3)4 (0.9)9 (7.5)0 (0.0)0 (0.0)0 (0.0) - Eye disorders9 (1.6)8 (1.8)1 (0.8)0 (0.0)0 (0.0)0 (0.0) - Renal disorders7 (1.2)6 (1.4)1 (0.8)3 (4.3)3 (7.3)0 (0.0) - Reproductive system disorders7 (1.2)4 (0.9)3 (2.5)0 (0.0)0 (0.0)0 (0.0) - Metabolic disorders6 (1.1)3 (0.7)3 (2.5)0 (0.0)0 (0.0)0 (0.0) - Others18 (3.2)13 (2.9)5 (4.2)2 (0.4)0 (0.0)2 (1.7)

In multivariate logistic regression analysis, chronic liver disease (OR 2.01, 95% CI 1.29--3.12, p=0.002), female sex (OR 1.49, 95% CI 1.02--2.18, p=0.041) and old age (OR 1.12, 95% CI 1.03--1.22, p=0.008 for every 5-year increase) were independent predictors for developing AE in the whole study population ([Table 3](#T0003){ref-type="table"}). History of prior liver disease was also an independent predictor of ADR, as shown in [[Supplemental Table 1](https://www.dovepress.com/get_supplementary_file.php?f=233174.docx)]{.ul}. In post hoc analysis, the association of underlying liver disease and AE was not significantly different between exploratory subgroups ([Figure 2](#F0002){ref-type="fig"}).Table 3Multivariate Regression Analysis for Development of Adverse Events and Adverse Drug ReactionsUnivariate AnalysisMultivariate AnalysisOR \[95% CI\]p-valueOR \[95% CI\]p-valueAge (for every 5-year increase)1.13 \[1.05--1.23\]0.0021.12 \[1.03--1.22\]0.008Female sex1.45 \[1.01--2.07\]0.0421.49 \[1.02--2.18\]0.041BMI (for every 1kg/m^2^ increase)1.02 \[0.97--1.08\]0.406DM0.89 \[0.57--1.40\]0.618CKD2.06 \[1.01--4.20\]0.048Elevated AST or ALT (≥ 40 IU)3.18 \[1.19--8.47\]0.021Chronic liver disease1.84 \[1.21--2.78\]0.0042.01 \[1.29--3.12\]0.002[^2][^3] Figure 2The risk of adverse events according to chronic liver disease is not significantly different between exploratory subgroups.**Abbreviations:** OR, odds ratio; CI, confidence interval.

Among patients with chronic liver disease, no differences were observed in the incidence of AE according to different liver conditions. In detail, among 51 patients with liver cirrhosis, 39.2% experienced AE, compared with 44.9% in 69 patients without cirrhosis (p=0.532). For 21 patients with hepatocellular carcinoma, 47.6% reported events, compared with 41.4% in those without malignancy (p=0.601). There were also no significant differences in ADR (p=0.565 for cirrhosis, p=0.532 for HCC) or discontinuations (p=0.330 for cirrhosis, p=0.126 for HCC).

Events Associated with Liver Function {#S0003-S2003}
-------------------------------------

Laboratory tests were performed at 3-month intervals to assess changes in liver function after fimasartan treatment. In patients with chronic liver disease, serum AST and total bilirubin levels were significantly higher at baseline ([Table 1](#T0001){ref-type="table"}), and the difference persisted throughout the study period ([Table 4](#T0004){ref-type="table"}). During follow-up, liver function enzyme abnormalities were more frequently observed in patients with chronic liver disease (10.8% \[13\] vs 3.6% \[16\], p=0.001). In detail, there were 7 cases of hepatocellular injury, 1 case of cholestatic injury, and 5 cases of mixed type injury observed in the chronic liver disease group, whereas 14 cases of hepatocellular injury, 1 case of cholestatic injury, and 1 case of mixed type injury were observed in the normal liver function group. There were no significant differences in discontinuation rates (2.5% \[3\] vs 1.1% \[5\], p=0.376) due to abnormal liver function, and no cases fulfilling the Hy's law criteria.Table 4Changes in Liver Function EnzymesNormal Liver Function (n=446)Chronic Liver Disease (n=120)p-valueASTALTALPBilASTALTALPBilMonth 3^a^25.1 ± 12.126.9 ± 19.069.4 ± 18.70.8 ± 0.330.9 ± 15.6**^c^**29.4 ± 14.169.6 ± 21.00.9 ± 0.3**^c^**Month 12^b^24.9 ± 10.725.7 ± 14.964.5 ± 18.30.8 ± 0.329.8 ± 16.9**^c^**29.6 ± 18.766.5 ± 25.51.0 ± 0.4**^c^**Patients with abnormal liver function enzymes16 (3.6)13 (10.8)0.001Hepatocellular injury14 (3.1)7 (5.8)Cholestatic injury1 (0.2)1 (0.8)Mixed type1 (0.2)5 (4.2)Discontinuations5 (1.1)3 (2.5)0.376[^4][^5]

Efficacy and Persistence {#S0003-S2004}
------------------------

After 12 months, 358 patients continued treatment with Fimasartan (285 with normal liver function and 73 with chronic liver disease). The mean change in SBP was not significantly different between groups after adjusting for baseline values (least square \[LS\] mean change −6.57 ± 0.80 mmHg for normal liver function group; −7.65 ± 1.59 mmHg for chronic liver disease group; p=0.546). The reduction in BP mostly occurred in the initial 6 months, after which BP values became stable and persisted throughout the study period. While discontinuation rates increased in the early study period, the rate of increase decreased after 6 months, showing a 1-year cumulative rate of 37.7% and 38.3% for each group ([Figure 3](#F0003){ref-type="fig"}).Figure 3Changes in systolic blood pressure and discontinuation rates according to baseline liver disease.

Discussion {#S0004}
==========

The current study evaluated the long-term safety profile of fimasartan in the treatment of HTN by following-up 566 patients for up to 12 months. Although previous clinical studies have reported excellent tolerability of fimasartan,[@CIT0009],[@CIT0011],[@CIT0019] there has been no scientific evidence backing its long-term safety. Furthermore, there have been concerns that fimasartan might be related to liver toxicity due to its predominant hepatobiliary excretion.[@CIT0013],[@CIT0020],[@CIT0021] The results of this prospective study provide reliable evidence that fimasartan could be a safe choice for long-term treatment of HTN, regardless of underlying liver disease.

To the best of our knowledge, this is the first study to assess the long-term outcome of fimasartan treatment. The rate of AE and ADR in the current study is comparable to that of the previous Phase III trial (AE rate of 32.6% and ADR rate of 7.8%).[@CIT0011] The scope of events is also similar to that of a previous randomized controlled trial, showing headache, respiratory infection, dizziness and fatigue as frequent events.[@CIT0011]

In previous trials, ARB have mostly shown better tolerability than ACE inhibitor,[@CIT0022],[@CIT0023] and discontinuation rates of ARB in major trials have been relatively low. In a study comparing the efficacy and safety of olmesartan, losartan, and valsartan in patients treated for essential HTN, Giles et al reported a discontinuation rate of 16.9%, 13.5%, and 10.3%, respectively.[@CIT0024] In a trial evaluating the 1-year persistence rate of major classes of antihypertensive medications, valsartan showed a persistence rate of 69.4%.[@CIT0025] Although our study showed a slightly lower persistence rate (62.1%) compared to other previous studies, the difference may have been due to a broader range of real-world patients included in the study. Moreover, the proportion of discontinuation due to AE was low (11.1%).

HTN is difficult to control with a single medication, and add-on therapy is common in clinical practice. HTN also frequently coexists with other morbidities such as dyslipidemia or diabetes, requiring even more medications. Furthermore, current guidelines on HTN recommend combination therapy as an initial strategy for most patients.[@CIT0026] It is well known that the number of drugs that a patient takes is closely correlated to increased risk of adverse events and lower compliance.[@CIT0027] In the UK, a retrospective analysis showed that 28.5% of patients newly treated for HTN stopped medications at 1-year, and the median time to cessation was 3.1 years.[@CIT0025] Although randomized controlled trials have a high level of evidence, they tend to control other concomitant drugs and offer an ideal therapeutic environment. In our study, over 30% of the participants were using lipid-modifying agents, calcium-channel blockers, and anti-thrombotic agents such as aspirin. The results of our study may better represent the real-world environment of treating HTN, providing valuable data on the safety profile of fimasartan use in Korean HTN patients.

Side effects are frequently reported in the treatment of HTN. It has been reported that 35% of patients starting treatment stop medications during the first 6 months, and half of them are due to AE.[@CIT0028] According to a 5-year prospective study on 5485 newly treated HTN patients, 9.3% stopped treatment due to either definite or probable ADR.[@CIT0029] Common side effects of ARB include dizziness, headache and hyperkalemia. Liver toxicity after ARB use is a rare, but serious event, and there have been individual case reports after the use of losartan,[@CIT0030],[@CIT0031] irbesartan,[@CIT0020] candesartan,[@CIT0021] and valsartan.[@CIT0032] Fimasartan has also been reported to have caused liver damage in a patient who had tolerated previous ARB use.[@CIT0013] According to previous literature, most liver damages brought on by ARB were self-limiting, mild to moderate in severity, and rarely needed discontinuation or dose adjustment. In our study, only 3.6% of patients with normal baseline liver function experienced elevations in liver enzymes during follow-up, with 1.1% discontinuing therapy as a result. The incidence of elevations was more frequent in the group with chronic liver disease, but there were no cases serious enough to fulfill the Hy's law, a criterion predicting fatal drug-induced liver injuries. In addition, there were no differences in events according to the specific nature of the baseline liver disease. All cases were asymptomatic and transient, leading to only a small number of discontinuations. Although chronic liver disease, along with old age, female sex and history of prior liver disease were independent predictors in regression analysis, most cases were mild to moderate in intensity, and no serious events were reported. The results of our study suggest that long-term use of fimasartan is not associated with major liver toxicity, especially in those without prior liver disease. For patients with chronic liver disease, fimasartan use was generally well tolerated, although extra caution should be taken when used on old, female patients due to the possibility of increased risk of AE. Liver function enzymes should also be followed-up more thoroughly in patients with underlying liver disease.

The limitations of the study are as follows: The study was designed as a single-arm, open-label, observational study, which could have made it susceptible to bias related to knowledge of treatment. It also lacked a placebo control group. In addition, as all patients receiving ≥1 dose of the study drug were enrolled in the safety analysis, the persistence rate of fimasartan might have been underestimated. The results of post hoc regression analyses also should be interpreted with caution. Further randomized controlled trials would be needed to properly assess the risk factors associated with the development of AE.

Conclusion {#S0005}
==========

In conclusion, the long-term use of fimasartan for treatment of HTN was associated with a low rate of AE in patients with no underlying liver disease. The rate of AE was increased in those with chronic liver disease, but the drug is well tolerated. With a persistence rate comparable to other classes of antihypertensive drugs, fimasartan can be suitable for long-term treatment of essential HTN.
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[^1]: **Abbreviations:** HTN, hypertension; DM, diabetes mellitus; AST, aspartate transaminase; IU, international unit; ALT, alanine transaminase; ALP, alkaline phosphatase; HBsAg, hepatitis b virus surface antigen; HCV, hepatitis c virus.

[^2]: **Notes:** Multivariate logistic regression analysis performed with age, sex, BMI, DM, CKD, elevated liver enzyme tests, and chronic liver disease as independent variables.

[^3]: **Abbreviations:** BMI, body mass index; OR, hazard ratio; CI, confidence interval; DM, diabetes mellitus; CKD, chronic kidney disease; AST, aspartate transaminase; ALT, alanine transaminase; IU, international units.

[^4]: **Notes:** Results of liver function tests were available in ^a^463 and ^b^300 patients. **^c^**Significant increase in levels compared to patients with normal liver function (p\<0.05).

[^5]: **Abbreviations:** AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase; Bil, total bilirubin.
